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HAMSTER EAR MODEL FOR SEBACEOUS GLANDS 
GERD PLEWJG. M.D., AND CHRISTOPH LUDERSCHMIDT, M.D. 
DPpartment of Dermatology. University of Munich. M unic·h. W est Germany 
The ventral side of the earlobes of Syrian hamster s is richly endowed with sebaceous 
glands. These glands are large and are similar to human sebaceous follicles since they have 
an infundibulum, a sebaceous duct. multiple lobules. and a pilary unit which enters from 
be low into the gland. 
I n this study we have measured gland size by planimetry. a nd cellula r activity by 
autoradiography using tritiated thymidine and tritiated histidine. Males have much larger 
glands in sagittal sections than do females (0.1 750 mm~ vs 0.0727 mm~. p < 0.001) and a 
higher 1abeling index 09.85o/r vs 14 .3~ . p < 0.01 ). Injection of testosterone propionate 
increases the gland size in female hamsters to 0.2362 mm~ lp < 0.001 ). The labeling index 
also increases. The turnover of the total gland population is 12 to 14 days. Androgen 
sensitivity. gland size, and turnover time make the sebaceous glands on the ventral surface 
of the hamster earlobe a s uitable model for study. 
There is a need for a good animal model to study 
the effects of drugs on sebaceous glands I l 1. Tht' 
mos t common mode ls used are the costovertebral 
sebaceous organs of hamsters [1-41. gerbils {51. 
and the sE:'baceous glands deep inside t he ventral 
surfac~' of earlobes in ra bbits 16]. The preputial 
glands in rats 17.81 have been usf'd for planimetric 
studies of normal sebaceous glands 171. a nd the 
sebaceous glands of larger animals such as calves 
191 or sheep 1101 havE:' been used . Many of these 
sl'baceous gland modE:'ls do not resemble human 
st>baceous foll icles. Thev are either rather undif-
ferentiated glands as in. the rabbit ears. unusually 
la rge organs as in the flank s of hamsters. or with-
out pilary units as in the preputial glands of rats. 
A suitable sebaceous gland model should fulfill 
several requirements: the g land s hould be mor-
phologically simi lar to those of man with a seba-
ceous follicle with infundibulum. lobules. and a 
pilary unit; they should be androgen sensitive; it 
should be economical to USE:' the model. The Syrian 
hamster fulfills many of these goals: the ventral 
side of the ears is richlv studded with sebaceous 
glands: t he glands closely resemble sebaceous folli-
cles in the human since they are fairly large. 
androge n sensitive. and have a turnover time that 
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is similar Lo that of man; and the animals are 
relatively inexpensive to purchase and car e for. 
and easy to work with. This report introduces this 
model. 
MATERIALS AND METHODS 
Anunals. Adult. female and male. Syrian hamsters 
lover 60 days old. 80-100 gm. reproductive agel were 
purchased from Baumler. Wolfratshausen . Germany. 
and individually caged wilh food and water ad libitum. 
Binpsir•s. All animals were biopsied at the same time 
between 10:00 and 1 1:00 AM . Spt>cimens were fixed in 
Bouin's solution and wax embedded. Sagittal sections 
were cut at 5-J-L thickness. 
Planimetry. The sagittal section a reas of the seba-
ceous glands from animal ears in all expenments were 
determined by projection microscopy !binocular tubes 
with daylight projecting mirror. Carl Zeiss, Ober-
kochen. Germanyl using a rrucroscope with a 40x lens 
to give a final linear magnification of 720. Gland out-
lines were drawn on paper and the surface was mea-
sured with a planimeter cOtt. Kempten . Germany). 
The error of this technique is small (Jess than 3'n-l 
111.12 1. From each biopsy 150 to 200 sections were made 
and between 40 and 60 sebaceous glands were measured 
and the results expressed in mm2• Tangential cuts were 
omi ttE•d. 
A uf(lradiography. Tritiated thymidine (F'H]TdRl. sp 
act 5 Ci/mM CThe Radiocherrilcal Centre. Amersham. 
Englandl. was used to determine the labeling index 
( L.l. l and to study thf:' direction and speed of movement 
of labeled cells over a period of2 weeks following injec-
t ion of the thymidine. Ten microcuries in normal saline 
were injected wit.~ a 27-gauge needle into the ventral 
side of each ear. Both ears were removed from 8 mates 
and 6 females at 45 min. and from 1 male and 1 female 
at 1, 3. 8. 12. and 14 days following injection. The 
dipping method was used as described previously 111-
14\. Tritiated histidine (\ L-2.5-"H1hist.idine). sp act 55 
Ci/mM (The Radiochemical Centre. Amersham. Eng-
land), was used to follow the clearance of histidine from 
the sebaceous lobules. Ten microcuries in normal saline 
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were injected into each earlobe and both ears removed 
from 1 male and 1 female at 45 min and 1, 3. 8. 12. and 
14 days following injection. 
A ndrogen stimulation. One milliliter of an oily sus-
pension of 10 mg testosterone propionate (Testoviron. 
Schering AG. Berlin. Germany) was injected subcuta-
neously into t he flanks of 4 female hamsters on days 0. 
6, and 16. On day 23, 10 JLCi of [3H]TdR was injected 
into each ear and 45 min later the ears were removed. 
Cell counts. The labeled cells and the labeled basal 
cells 45 min after injection of [3 H)TdR were counted as 
were the total basal cells and the total cells in the entire 
gland. The L.l. was calculated as the number of labeled 
basal cells per total number of basal cells. expressed as 
a percentage. Similarly the L.I. was determined for the 
interfollicular epidermis. 
In the [3H]histidine specimens. the label density and 
grain distribution pattern over the sebaceous lobules. 
the sebaceous duct, and infundibulum, as well as in the 
interfollicular viable epidermis and stratum corneum 
were recorded, but quantitative grain coun ts were not 
done. 
Statistirs. Planimetric values and L.I . were exam-
ined with either Student's /-test or paired comparisons. 
RESULTS 
The sebaceous glands in the ears of Syrian ham-
sters are large. On the ventral side they are 
closely packed and morphologically similar to the 
sebaceous follicles of man. Males have much 
larger glands than females (Figs. 1. 2). Individual 
values of female sebaceous gland size do not over-
lap with those of males. 
Planimetry 
The areas of sagittal sections of the glands are 
summarized in Table I. and expressed in mm2 . The 
B 
F1c . 1. Sebaceous glands in the earlobe of Syrian 
hamsters (H & E , x 39). A: Male hamsters have large 
glands on the ventral side. B : Female hamsters have 
much smaller glands. V "' Ventral, D = dorsal , C = 
cartilage, M = muscle. 
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FIG. 2. Comparison of sebaceous gland size in male 
and female Syrian hamster CF1H)TdR, 45 min, hematox-
ylin. x 220). A : Male. B: Female . 
difference between males a nd females is highly 
significant. The sebaceous glands are also andro-
gen dependent. Three injections of testosterone 
propionate significantly increase sebaceous gland 
size in the female (p < O.OOlJ. 
A utoradiograph,v 
r 1H/TdR labeling index. Epidermis: There is no 
difference in the L.I. of the interfollicular epider-
mis among males. females, and testosterone propi-
onate-treated females in the 45-min specimens 
(Tab. II). 
S ebaceous glands: The L.I. of the sebaceous 
glands of male Syrian hamsters is significantly 
higher than that of females (Tab. IIl. After testos-
terone propionate injections there is a slight but 
not significant increase in the female hamsters. 
(Tab. m. 
[ 3H }TdR in 1- to 14-day specimens. The cell 
counts for the labeled cells . the total germinative 
population, and the total sebaceous gland cell pop-
ulation are summarized in Table ill. 
1-day: Labeled cells are confined to the basal 
cell area and have not migrated into 
the lobules. 
3-day: More cells are labeled tha n in the 45-
min or 1-day specimens, and some cells 
have begun to leave the basal cell layer 
but are still deep in the peripheral 
parts of the sebaceous lobules. 
8-day: Labeling is high over the entire gland 
(labeled total cells in Tab. ill). There 
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TABLE I. Average mean size of sebaceous glands in mm 2 and standard deviations in male, female , and testosterone 
propionate-stimulated, female Syrian hamsters 
There is no overlap between females and males. N = Number of animals. 
Males 
N = 19 
Surface mm2 0.1750 ± 0.0356 
p < 0.001 
TABLE II. Average mean labeling indices and standard 
deviations of sebaceous glands and interfollicular 
epidermis for male , female. and testosterone propionate-
stimulated female Syrian hamsters 
Sebaceous 
glands 
Epidermis 
Males 
N=S 
Females 
N = 6 
19.85 ± 1.2 14.3 ± 2.9 
p < 0.01 
10.9 ± 2.1 9.2 ± 1.9 
ns 
Females + 
test. prop. 
N = 4 
17.5 = 4.2 
ns p < 0.1 
9.6 ± 1.8 
ns 
N = Number of animals; ns = not significant. 
are two types of labeled cells. One is 
dense with many silver grains and 
these cells have migrated furthest al-
though they have not yet reached the 
sebaceous duct (Fig. 3). These cells 
have probably not undergone mitotic 
division and reflect perturbations in 
cell cycle progression from radioactive 
DNA precursors 115]. The second cell 
type contains fewer silver grains. and 
these cells lie closer to the germinative 
layer. whose cells are still labeled (Fig. 
31. 
12-day: The total number of labeled cells has 
reached a peak in the female hamsters 
(Fig. 4l. ln males some heavily marked 
cells are still close to the sebaceous 
duct. Many other cells in the periphery 
of the sebaceous lobules still contain 
silver grains. In the malpighian layer 
of the interfollicular epidermis cells are 
still being labeled. 
14-day: No heavily labeled cells are present. 
Fewer labeled cells, whose ]•HlTdR has 
been diluted by multiple cell divisions. 
are in the midportion of the sebaceous 
acini in male hamsters. Only a few la-
beled cells remain in the peripheral 
parts of the glands close to the basal 
cell area. In comparison, there are still 
many labeled cells in the interfollicular 
epidermis. 
The transit time of sebaceous cells from the 
basal layer to the point of rupture near the seba-
ceous duct is calculated from these serial iaHlTdR 
experiments to be about 8 to 12 days. F emales 
Females 
N = 17 
0.0727 ± 0.0218 
Females + test. prop. 
N=4 
0.2362 ± 0.0326 
p < 0.001 
have a shorter transit time because of the smaller 
gland size as compared to the males. The turnover 
time must therefore be about 12 days for female 
and about 14 days or more for male Syrian ham-
sters. The total number of labeled cells peaks at 
day 12 in female Syrian hamsters. and in males it 
was at its highest on day 14. the last day of the 
study (Tab. Ill). Labeled basal cells were still seen 
after 2 weeks in males. but not in females (Fig. 4). 
(lH]Histidine in 45-min and 1- to 14-day speci-
mens. 
45-min: The label is heavily distributed over 
the entire sebaceous gland. including 
sebaceous lobules, sebaceous duct, fol-
licular infundibulum, and the interfol-
licular epidermis. There is preferential 
uptake over the granular layer of the 
epidermis. Fibroblasts and cells of vas-
cular walls are also labeled. The stra-
tum corneum is not labeled . 
1-day: The label is still densely distributed 
over the entire gland. The lowermost 
layer of the stratum corneum also is 
labeled. More connective tissue cells in 
the dermis are labeled than at 45 min. 
3-day: Labeling is still heavy over the seba-
ceous glands. The lowermost corneo-
cytes in the infundibular stratum cor-
neum are clearly labeled. 
8-day: Loss of silver grains from the acini is 
evident. Again, corneocytes in the in-
fundibular canal are labeled. but the 
upper third of the epidermal stratum 
corneum is not yet labeled . 
12-day: Labeling has now decreased over the 
sebaceous lobules but the stratum cor-
neum contains silver grains in practi-
cally all layers. 
14-day: Sebocytes are still weakly labeled. as 
are cells of the infundibular epithe-
lium. the malpighian layer. and the 
stratum corneum (Fig. 5). 
The transit time of sebaceous glands cannot be 
determined with certainty from these experi-
ment<>. The stratum corneum transit time. which 
is practically identical with the turnover time. 
however. can be assessed with much more cer-
tainty. and is 12 to 14 days. The turnover time of 
the total sebaceous gland in male Syrian hamsters 
as calculated from these serial r3H)histidine speci-
mens is somewhere between 12 and 14 days. This 
time is shorter in females, probably due to their 
smaller gland size. 
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TABLE III. Counts of/ 3H]TdR-labeled cells in male and {Pmale Syrian hamsters 
Labeled basal 
No. of total No. of basal Basal/total Labeled Labeled to- cells/basal Labeled total Time 
cells cells cells basal cells tal cells cells cells/total cells (%) (L.U ('*) 
(%) 
Mairs 
45 min 4944" 2438 49.32 484 484 19.85 9.79 
1 d 246 121 49.02 24 28 19.60 11.21 
3d 451 229 50.84 42 65 18.30 14.52 
8 d 441 228 51.67 31 85 13.48 19.27 
12 d 386 210 54.40 24 110 11.50 28.60 
14 d 341 174 51.03 13 109 7.30 32.09 
Females 
45 min 2952" 1582 53.61 
1 d 600 314 52.37 
3d 516 258 50.00 
8d 747 402 53.85 
12 d 312 176 56.68 
14 d 616 337 54.71 
" N = 8 animals. 
b N = 6 animals. 
DISCUSSION 
The sebaceous glands on the ventral side of the 
earlobes of Syrian hamsters offer several advan-
tages for the study of sebaceous glands over other 
previously described animal models. Each seba-
ceous gland unit consists of an infundibular canal, 
several large lobulated acini with 6 to 10 layers of 
sebocytes. and one centrally located pilary unit. 
Each earlobe contains numerous such glands and , 
with the low-power objective, 8 to 15 glands can be 
seen in routine histologic sections. The glands in 
male hamsters are large and have an average size 
of0.1750 mm2 • This compares to 0.2175 mm~ which 
has been previously calculated for human fore-
head sebaceous glands 113). Basal cells and differ-
entiating lipid cells are easily recognized and nor-
mally the undifferentiated cell pool 113.141 is small 
CFig. 2A l. 
Female Syrian hamsters have significantly 
smaller glands with a lower L.I. than males. Seba-
Q) 
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-c: Q) 
~ 
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a. 
224 224 14.20 7.59 
38 46 12.27 7.69 
26 76 10.07 14 .76 
35 205 8.70 27.46 
11 104 6.3 33.17 
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FJG . 4. I"H!TdR labeling time sequt:'nct• in sebaceous 
glands of male and female Svrian hamstf:'rs. LBC = 
Labeled basal cells. LTC = Labeled total sebaceous 
cells. 
ceous glands in females can be stimulated by par-
enterally administered testosterone propionate 
<Tab. ill. The gland volumE' increases rapidly with 
a less significant response of the L. I. over the 3-
week period of this experiment. This discrepancy 
may be due to the small number of animals as only 
4 female hamsters were used in this particular 
study. Another explanation is that lipid synthesis 
within the sebocytes is stimulated earlier than 
sebocyte cell divis ion. This could lead to an in-
crease in sagittal sections of the glands before the 
L.I. reaches the values seen in the male hamsters. 
Androgenic response of this model is further dem-
onstrated as male Syrian hamsters react to anti-
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FIG. 5. l:tH]histidine labeling in male Syrian hamster 
sebaceous gland Chematoxvlin. x 220l. There is sti ll 
considerable label 14 days after IOJC'Ction of the tracer. 
The grains an· over the acmi. the malpighian layer. 
a nd the entire stratum cornt>um. 
androgens. e.g .. cyproterone acetate. Topical or 
sysl<'mic administration reduces sagittal sectwns 
and number of I~HITdR-Iabeled cells significantly. 
These results are reported elsewhere 1161. 
This study was designed to establish baseline 
data concerning cellular kinC'tics of this nev. ani-
mal model. Autoradiographic t!.'chniques were 
uS<•d to provide functional data over a 2-v. eek pe-
riod. A few problems arise from these studies 
which merit brief discussion. I:1H]TdR IS an ac-
cepted tool to study ce 11 ul ar ki nctics. 1 t ha'> been 
used to stud~· normal and d1seased skin lepider-
misl and has been applied also to human seba-
ceousglands ]11-14.17.18]. L.I . transit time. turn-
over time. and the> effects of estrogens and andro-
gens have bc•en investigat(•d with autoradi-
ographic techniques. The results from various lab-
oratories have not always been in good agreement. 
This may be due tQ the rather difficult anatomical 
situatio~ . to difficulties in cell counting in a holo-
erine gland. and w the samplt' size stud1!.'d. The 
fallacies and pitfa lls of autoradiographic tech-
niques in thE' study of sebaceous glands have been 
discussed prPviously 113.1 4 ]. one major obstacle 
being that there is no point of referPnce in the 
sebacrous glands. as for instance the granular 
layer or the stratum corneum for the epidermis. 
ln the present study. heavily labeled cells !Fig. 
3) are followed by other less heavily label£>d c£>1ls in 
which the trace1: has been diluted ·by one or multi-
pi£> cell divisions. Some of the heavily labeled cells 
probably are radiation-damaged cells that incorpo-
rated the tritiated thymidine but were damaged 
by it and could not undergo mitosis ]15]. These 
cells a re easily recognized and can be seen as late 
as 12 days in Syrian hamsters. Therefore. these 
heavily labeled cells seem to be helpful in studying 
transit times in sebaceous lobules. 
Study of Figure 4 raises the question of the 
meaningfulness of autoradiographic techniques to 
determine transit or replacement times. Labeled 
basal cells are still seen in appreciable numbers at 
day 14 in male and up to 12 days in female ham-
sters. Similar observations were made previously 
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in human sebaceous glands 1141. 
Interestingly. the stratum corneum turnover 
time Cor transit time) for Syrian hamster ear epi-
dermis is 12 to 14 days. and therefore close to the 
estimated value for the sebaceous glands. In man. 
epidermal stratum corneum turnover is also 14 
days. at least for S<'Veral areas of glabrous skin. 
The number of horny cell layers in hamster ear 
epidermis is also very similar. namely 12 days 
(unpublished data l. The number of cell layers in 
mouse ear stratum corneum has been measured 
and found to be 9 to 11 days 119]. 
The rareful technical assistanrC' of Mrs. Angelika 
Endl:'ll ts acknowledged. Dr. Edna Laurence. London. 
suggested the use of this animal model 
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